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11 First Point Contact Transistor
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Il B First integrated circuit
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Kilby’s idea was to make all the components and the chip out of the
same block (monolith) of semiconductor material



1B silicon IC processing
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11 Prearrangement (Clean Room)

Urban environment = 35,000,000 particles/cm? of ¢ > 0.5um
Clean room =12 particles/cm? of & < 0.3um

A typical cleanroom




1| B Prearrangement (Silicon Material)

Silicon is an abundant element and occurs naturally in the form of sand. It need to be
purifiedtand uniform?crystal grow Periodic Table of the Elements
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11 Prearrangement (Czochralski process)
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Melt silicon at 1425 C

Add impurities (dopants substrate)

Spin and pull crystal

Slice into wafers (400 pum to 600 um ) thick.
Polish one side (Using chemical and mechanical
polishing (CMP) techniques)

Ingot/Wafer




Prearrangement (Chemical Mechanical

V'8 Polishing (¢MP))

1. Mechanical polishing component and Chemical reaction component.
2. Goal: to planarize the surface of the wafer prior to photolithography.
3. abrasive chemical solution(slurry), is introduced between a polishing pad and the wafer.

pad




Doping Processes



B Solid State Diffusion

Diffusion is a process by which atoms move from a high-
concentration region to a low concentration region.

this method introduces impurity atoms (dopants) into
silicon to

change its resistivity.

The most common impurities used as dopants are boron
(p-type), phosphorus(n-type), and arsenic(n-type).

Solid state diffusion inherently occurs in high temperature
steps.




1B lon Implantation

An ion implanter produces ions of the desired dopant, accelerates them by an electric
field, and allows them to strike the semiconductor surface

Mass Comn T L‘T,:,';‘h’f Depth of implantation into substrate = EERIEE

Depth of penetration into a sponge wall

wall

The depth of
implantation
differs with th
acceleration

laii Extiaction
Pre-Accelaration

Filament (Cathode) -
Current (ion volume) = number of balls

lad

Source Elemantal Source
Chamber  Plasma Even with equivalent power and speed, the heavier the balls
{Anada) (higher atomic mass number), the greater the kinetic

energy is, and the further the penetration into the sponge
wall becomes.



Diffusion vs: lon Implantation

Introducing impurities to semiconductors

Based on concentration gradient
A high-temperature process
Uncontrollable

Isotropic dopant profile

Limited to solid solubility

Need thick layers

Injecting an energetic ion beam

A low-temperature process

Dopant concentration could be controlled
Anisotropic dopant profile

leads to a high degree of lattice damage
Possible through the thin layers



J|B Deposition Processes



A" B Oxidation Isolation

In oxidation, silicon reacts with oxygen to form silicon dioxide (SiOz).
(ultra clean furnaces 1000-1200 C)

Si+ 05 feat, SiO; (dry oxidation) (1)
heat

Si+2HO —— SiO> + 2H> (wet oxidation) (2)

high-purity\g?x}
steam 9

90000
Gas inlet . xq)ﬁt
—> i waer Ji—
0,/H,O - N Gas outlet

Quartzenclosure @ @ @ @ @
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| B Physical Vapor Deposition (PVD) = ks !gi

4
@ $€B
Ar plasma
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Wafer

Sputter Deposition

N o AW

Gas (e.g., argon)

Positively ionized

Accelerated through an electric field

Target metal sits on the cathode

Bombarded by the positively charged ions
Material to be ejected off (mechanically) to wafer
Poor step coverage

-




| B chemical Vapor Deposition (CVD)

is a process by which gases or vapors are , leading to the formation of solids on a
substrate. CVD can be used to deposit various materials on a silicon substrate including
SiO2, SisN4, polysilicon

pressure sensor heat source

paniuunureiaaurigiaa

s s RIS =% gas out
substrate

heat source quartz tube



1" B Metallization

Metallization is the process by which the components of IC’s are interconnected by
aluminum conductor polysilicon. CVD is used for metallization.

1. Interconnect the various components on the chlp

2. bonding pads. ; T o




l . Formation processes



1" B Photolithography

is the process of transferring geometric shapes on a mask to the surface of a silicon
wafer. (ultraviolet light + a mask + a light-sensitive chemical resistant polymer). By
dropping photoresist to a rotating wafer yielding a uniform thin film on the surface.

ultra-violet

|uv)
Si0, layer to be
patterned |
Silicon substrate
Spin-on photoresist Align and expose
Patterned wafers
| | :
Etch-back Posltwe Resist [| Postive
photo-res

Photoresist removal Etching (wet or dry) Development Pattern Being

Repeated onto Wafer

Negatne Resist . -
Negam'e 7
v @ v = 7 //
i ‘ X — 7 Wafer (with photoresist)
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Mask (without optical Mask (with optical
proximity correction) Light proximity correction)
| ~&'A e beam g

VB Mask (Reticle )

numerous mask levels (e.g., active, poly,
contacts, etc.) are printed on the wafer.

Focusing
lens

Wafer

Exposed
circuit

ns“nrn




1 B Wet Etching

Isotropy and anisotropy: When a material is attacked by a liquid or vapor etchant, it is
removed isotopically (uniformly in all directions) or anisotropic etching (uniformity in
vertical direction)

Mask
Material to etch

Sisubstrate

Ne
“

Anisotropic: etches at different rates in
different directions Isotropic: e1ches equally in all directions

Undecen
4 Y



RF (13.56 MHz)
—————

Plasma

Electric field

Radicals (neutrals)

? Volatiles/

X7 T~ Wafer
Gas (e.g., argon) Gas or mixture of gases (e.g., halogens)
Positively ionized Ionized producing reactive species (radicals)
Accelerated through an electric field
Wafer sits on the cathode Wafer sits on the cathode
Bombarded by the positively charged ions Radicals chemically react with surface
Material to be ejected off (mechanically) Material forming reaction products in the gas phase

Not selective and anisotropic. Highly selective and isotropic



Dry Etching

Reactive ion etching (RIE)

Combination of sputter etching and
plasma etching

Radicals and ionized species are
generated

Watfer sits on the cathode
Highly selective and highly anisotropic




1" B Wet/Dry Etching

Removal of metals, semiconductors, and insulators
[sotropic and anisotropic Higher degree of anisotropy
Using a chemical solution

Cleaning of wafers

Rinsed in deionized (DI)
water



PN Junction



Texbook Reference

“Microelectronic Circuits” , Adel Sedra




Intrinsic Semiconductors

Valence
electrons

Q0

Covalen

OO bonds QO
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Thermal Generation

1. Atroom temperature
2. Sufficient thermal energy exists.
3. Break some of the covalent bonds

When an electrical field E is establish@l in a s ucto Icryst
the direction of E, and free electrofs @i accelerd®®ein the Birectio

If a voltage is applied,
then both the electron
and the hole can
contribute to a small
current flow.
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Current types

Drift Current
When an electrical field E is established in a semiconductor crystal,

- are accelerated in the _, and free electrons are

accelerated in the direction opposite to that of E. [ . .. ..
1(©10]60)
\‘“l - L 2 -.’/ \1 ¥

Diffusion Current L

At non-uniform charge distribution , the charges flow from high

concentration to low concentratio




1. Some electrons may fill some of the holes.
2. Disappearance of free electrons and holes

Doped Semiconductors

# _EXTRINSIC SEMICONDUCTOR
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Introducing impurity atoms into the silicon crystal in sufficient numbers to
substantially increase the concentration of either free electrons or holes but
with little chanage in the crvstal propberties of silicon.



Doped Semiconductors

Sb impurity is
called an acceptor.

Sb impurity is

called a donor.
-

e Q Free (conduction) electron
] @ from Sb atom

&
&
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Hole from B atom ‘ P
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Band Diagrams

overlap

Fermi level Bandgap

Electron energy

metal semiconductor insulator


http://upload.wikimedia.org/wikipedia/commons/c/c7/Isolator-metal.svg

PN Junction




Physical Structure

Metal contact Metal contact
-type n-tvpe
© ﬂliign si]iign ©
Anode ! Cathode
majorit majority
y holes electrons




1. Diffusion

current

p-type n-type
hole diffusion ——m

- electron diffusion

U uncovered
.~ space charges

+i n-type

W3
o r— .:m'frT_-_Fi

d’

hole drift




2. Depletion Region

Negative barrier Positive barrier
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LOpyright © Physics and Radio-Electronics, All nghts reserved



Summary

-Semiconductors n-type and p-type are brought together
-Electrons and holes migrate across the junction

@ -The depletion layer is formed
-A p.d. is set up across the depletion layer



Unbiased PN Junction

p region n region p region n region p region n region
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Biased PN Junction (forward bias)




Biased PN Junction (Reverse bias)

Forward Biased

p region n region

+ YBlAs —



Biased PN Junction (Reverse bias)

p region

n region

<Y



Reverse Breakdown

The phenomenon that occurs at V =
VZ is known as junction breakdown. It
s nhot a destructive phenomenon.
That (s, the pn junction can be
repeatedly operated in the breakdown
region without a permanent effect on
(ts characteristics.

<Y



End
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